Fibronectin plays an important role in cell-to-cell adhesion, cell migration, and cell signaling. In the liver, fibronectin expression has been studied primarily as a component of the extracellular matrix, but little information is available on the expression of fibronectin protein in the neoplastic cells of hepatocellular carcinomas (HCCs). Twenty-four surgically resected HCCs were immunostained with fibronectin. Tumor and normal liver tissues were concurrently analyzed in all cases, and expression in the tumor was evaluated in comparison to the nonneoplastic liver. The average age at resection was 54 ؎ 18 years for the 18 men and 6 women. Twenty-one of the cases were classic HCCs including 6 cases that were well differentiated, 12 cases moderately differentiated, and 3 cases poorly differentiated. The remaining 3 cases were moderately differentiated fibrolamellar carcinomas. In the normal liver, fibronectin labeled the sinusoids and weakly to moderately stained the cytoplasm of hepatocytes. In HCCs, 15/24 showed overexpression of fibronectin in the cytoplasm, 8/24 showed no change from the nonneoplastic liver, and one case showed decreased cytoplasmic staining. In addition, an abnormal membranous staining pattern was noted in 16/24 HCCs. In contrast to the HCCs, none of the three fibrolamellar carcinomas showed increased cytoplasmic or membranous staining. Excluding fibrolamellar carcinoma, increased cytoplasmic staining and/or an abnormal membranous staining was noted in 19/21 (90%) of HCCs. Fibronectin shows abnormal cytoplasmic and/or membranous staining in the majority of HCCs. The implications of fibronectin overexpression are uncertain but may reflect a critical step in tumor genesis.
Fibronectin is a high molecular weight glycoprotein that can bind a number of extracellular and cellular components including collagen, glycosaminoglycans, actin, and DNA (1) . Fibronectin is important in a wide variety of fundamental cell processes including cell-to-cell adhesion, cell-to-extracellular matrix adhesion, and cell migration (1) . Fibronectin is also found in the plasma, where it is involved in blood clot formation and opsonization (2, 3) . This functional diversity of the fibronectin gene results from alternative splicing of pre-mRNA, leading to multiple protein isoforms with unique biological properties (4, 5) . Fibronectin plays an important role in signal transduction and cell adhesion and is partially regulated by TGF-␤ (6), a cytokine that plays a central role in controlling the growth of normal hepatocytes. Through interactions with integrins, fibronectin can also directly influence gene transcription and cellular morphology in hepatocytes (7) . We hypothesized that abnormalities of fibronectin expression may play an important role in hepatocellular carcinoma (HCC) tumor biology. Although fibronectin has been studied in relationship to fibrosis (8, 9) , its role in HCC has been incompletely characterized. Previous studies have consistently demonstrated increased transcription of fibronectin including abnormal splice variants (10 -13) , but protein expression results have been inconsistent (10, 14, 15) . Thus, we examined the expression of fibronectin protein in HCC by immunohistochemistry. Immunohistochemistry provides the advantage of precise cellular localization, which is important because cellular forms of fibronectin can be synthesized by a number of nonhepatocyte cell types residing in the liver, including endothelial cells (1), stellate cells (16) , and macrophages (17) .
MATERIALS AND METHODS

Case Selection
A retrospective review of the surgical pathology files of the Johns Hopkins Department of Pathology revealed 24 cases of HCC with available paraffin blocks. All specimens were from partial hepatectomy surgeries performed between 1991 and 2001. Histological sections were obtained from formalinfixed, paraffin-embedded tissues, and all cases were retrospectively reviewed by one pathologist (MST) to confirm the diagnosis of HCC. For immunohistochemistry, a representative block was chosen that contained tumor and adjacent nonneoplastic liver.
Immunohistochemistry
Immunostaining was performed at room temperature and carried out on a DAKO Autostainer (DAKO, Carpinteria, CA). Reagents were used as supplied in the Envision Plus Detection Kit (DAKO). A polyclonal rabbit anti-human fibronectin antibody was used (A0245, DAKO) at a dilution of 1:1200. A known positive control section was included in each run to assure proper staining.
Paraffin sections were cut at 5 m, deparaffinized, and placed in 200 mL of DAKO Target Retrieval Solution, pH 6.0. The buffer was brought to a temperature of 100°C for 20 minutes. Sections were then removed and allowed to cool in buffer for 20 minutes and were rinsed thoroughly in deionized water. Sections were then quenched with 3% H 2 O2 for 5 minutes and incubated with the primary antibody for 30 minutes. After primary antibody, the sections were incubated for 30 minutes in DAKO EnVisionϩ Peroxidase, Rabbit or Mouse, a labeleddextran polymer. Sections were then incubated in a freshly prepared mixture of diaminobenzidine (3,3'-diaminobenzidine) and buffer substrate solution for 5 minutes. Finally, sections were counterstained with hematoxylin and blued in Richard Allen Bluing Reagent, dehydrated in a graded series of ethanols and xylene, and coverslipped. Negative controls were included in each immunostain run.
The fibronectin staining in the tumors was evaluated in relationship to the concurrently analyzed nonneoplastic liver, and cytoplasmic staining was scored as decreased, similar, or increased from nonneoplastic liver. The intensity of staining for normal liver and tumor was also scored as mild (1ϩ), moderate (2ϩ), and marked (3ϩ). The presence of sinusoidal staining and membranous staining was also noted.
RESULTS
The mean age at resection was 54 Ϯ 18 years for the 18 men and 6 women with HCCs. Eighteen patients were Caucasian, 3 African-American, 2 Arab-American, and 1 Hispanic-American. There was no significant difference in age at resection for the men and women (P ϭ 0.07). Six cases were well differentiated, 12 cases moderately differentiated, and 3 cases poorly differentiated. Sixteen of the cases were typical HCCs, 2 cases were clear-cell HCC, and the remaining 3 cases were fibrolamellar carcinomas. Fourteen cases arose in the background of chronic hepatitis C viral infection (n ϭ 8), chronic hepatitis B viral infection (3), hepatitis B and C coinfection (1), cryptogenic cirrhosis (1), and hereditary hemochromatosis (1) . Seven HCCs arose in noncirrhotic livers in patients with no known underlying liver disease, as did the three fibrolamellar carcinomas.
In the normal liver, antibodies to fibronectin labeled the sinusoids and weakly (20 cases, 1ϩ) to moderately (4 cases, 2ϩ) stained the cytoplasm of hepatocytes (Fig. 1A) . Staining was also seen in fibrotic portal tracts, particularly in fibrotic portal tracts near the tumor, though nonfibrotic tracts were negative. Scattered endothelial cells were also positive, as were macrophages and cells located in the lobules morphologically consistent with Kupffer cells.
In HCCs, 15/24 demonstrated cytoplasmic overexpression of fibronectin (8 cases, 2ϩ; 7 cases, 3ϩ) compared with the adjacent nonneoplastic liver (Fig. 1B) , 8/24 showed no change, and 1 case showed decreased cytoplasmic staining. In addition, an abnormal, dense membranous staining pattern was noted in 16/24 HCCs and was characterized by a heavy membranelike pattern of staining around the entire circumference of each individual cell (Fig. 1C) . This pattern was distinct from sinusoidal staining, which was also present in the tumors. Overall, abnormal staining in HCC fell into the following categories: increased cytoplasmic and membranous staining (n ϭ 12); increased cytoplasmic without membranous staining (n ϭ 3); no increased cytoplasmic staining, but membranous staining (n ϭ 3); and decreased cytoplasmic staining, but membranous staining (n ϭ 1). The tumor capsules were also positive for fibronectin (Fig. 1D) . No differences in staining were noted for HCCs arising in cirrhotic versus noncirrhotic livers. No correlation between gender, race, or degree of tu-
In addition to the above staining patterns, one additional pattern was noted, where scattered single hepatocytes were more brightly positive than adjacent cells (Fig. 1E) . This pattern was noted in 18/24 of the HCCs and 21/24 of the non-neoplastic livers. These more brightly positive hepatocytes were located in all portions of the lobules with no clear geographical localization and were morphologically identical to neighboring hepatocytes. Their density varied from rare cells to approximately 5% of hepatocytes.
In contrast to the HCCs, none of the three fibrolamellar carcinomas showed increased cytoplasmic or membranous staining (Fig. 1F) . In a single case of fibrolamellar carcinoma, the nonneoplastic liver showed focal membranous staining. Thus, excluding the fibrolamellar carcinomas, increased cyto-FIGURE 1. Fibronectin is normally expressed in hepatocytes with a weak (1ϩ) diffuse cytoplasmic staining pattern and a sinusoidal staining pattern (A). Fibronectin in a hepatocellular carcinoma (HCC) shows increased cytoplasmic staining (3ϩ) in comparison to adjacent nonneoplastic liver (B). Abnormal membranous pattern of staining is also seen in HCC (C). The capsules of the tumors stained for fibronectin (D). In both normal liver and tumor (inset), occasional scattered hepatocytes were more brightly positive than neighboring cells (E). In contrast, fibrolamellar carcinomas failed to show increased cytoplasmic or membranous staining (F).
plasmic staining, and/or an abnormal membranous staining was noted in 19/21 (90%) of HCCs. In the two cases of typical HCC that showed no abnormalities of fibronectin expression, both were morphologically typical well-differentiated HCCs.
DISCUSSION
Fibronectin proteins can be divided into insoluble cellular fibronectin and soluble plasma fibronectin. Cellular fibronectin is important in wound healing and scar formation in the dermis (18) and plays a role in the scarring that characterizes liver cirrhosis (8, 9) . Plasma fibronectin, which is produced primarily in hepatocytes, plays an important role in clot formation (19) , opsonization of bacteria (3), and opsonization of circulating collagenous degradation products (2) . The antibody used in this study was raised against a plasma-derived immunogen, but it appears to recognize both cellular and plasma forms of fibronectin based on the staining of nonhepatocyte cell types (endothelial cells, Kupffer cells, macrophages) that are known to produce cellular fibronectin but are not known to produce plasma fibronectin (1, 17) .
In this study, fibronectin protein showed abnormal expression in 90% of the nonfibrolamellar HCCs with increased cytoplasmic staining and/or abnormal membranous staining compared with adjacent non-neoplastic liver. The presence of abnormal protein expression in such a high percentage of cases suggests a potentially important role for fibronectin in HCC tumor biology. Overexpression of fibronectin has also been reported in hepatoblastomas (20) . Interestingly, abnormal expression of fibronectin has been reported in primate (21), rodent (22) , and avian HCCs (23) as well. These findings suggest an important and "conserved" function for this protein in HCCs. One possibility in this regard is control of G1 cell cycle progression, which is actively regulated by extracellular fibronectin (24) . Abnormal fibronectin protein expression in HCCs may be a manifestation of dysregulation of this important cell cycle control point. Furthermore, fibronectin either regulates, or is regulated by, a number of important cell cycle proteins thought to play a role in HCC pathogenesis including cyclin D1 (24), p53 (25) , and ␤-catenin (24) . Abnormal fibronectin expression may also lead to abnormal cell-to-cell or cell-to-extracellular matrix adhesion, contributing to tumor development. In contrast to the classic HCC, the fibrolamellar variants did not show fibronectin expression, though the numbers of cases in this study are too small to draw firm conclusions.
Overexpression of fibronectin protein in human HCCs has been investigated in a small number of previous reports. In a Japanese report on fibronectin overexpression in thyroid carcinomas, 13 HCCs were also studied and only 4 (31%) showed increased cytoplasmic fibronectin labeling by immunohistochemistry (15) . However, these investigators also reported that the normal hepatocytes stained in only a minority of their cases, in contrast to the findings in this study in which all of the cases showed at least weak expression in the nonneoplastic liver. The reasons for these discrepancies are uncertain, but differences in staining techniques may have played a role. Other previous studies have emphasized increased sinusoidal staining of fibronectin in HCCs (14, 26, 27) , but they also reported cytoplasmic and membranous staining in some cases (14, 26) . At the ultrastructural level, cytoplasmic fibronectin has been demonstrated by routine electron microscopy and by immunoelectron microscopy in neoplastic cells of HCC (28) . Increased mRNA and abnormal splice variants in HCC have also been reported by a number of authors (10 -13) . Taken together, the results from our study and the literature demonstrate abnormal expression of fibronectin in HCC at the mRNA and protein levels. Our study significantly extends the few previous studies that reported immunohistochemical findings by demonstrating that almost all non-fibrolamellar HCCs show abnormal patterns of fibronectin expression, with either increased cytoplasmic and/or membranous staining.
Finally, a third pattern of staining for fibronectin was also noted in this study, with scattered single hepatocytes staining more brightly for fibronectin than neighboring hepatocytes. This pattern is somewhat reminiscent of early reports of immunostaining for albumin (29, 30) , which also showed scattered positive cells and initially suggested the possibility of functional diversity in production of albumin by hepatocytes, with overexpression in some cells allowing other hepatocytes to more actively produce other needed proteins. However, subsequent studies did not confirm this hypothesis (31) . The significance of this fibronectin-staining pattern in these cases is uncertain.
The overexpression of fibronectin seen in this study adds to our understanding of HCC tumor biology, but it also may have implications for routine surgical pathology diagnostics. Although this possibility was not addressed in this study, as all of the cases were typical HCCs and presented no diagnostic dilemmas, the high percentage of cases with fibronectin overexpression suggests it may be a useful antibody to include in further studies that develop immunostain panels to evaluate difficult tumors of the liver.
In conclusion, in addition to its important role in the extracellular matrix, fibronectin shows abnormal cytoplasmic and/or membranous staining in the majority of HCCs, with 90% of the cases in this study showing abnormal protein expression. In contrast, the few fibrolamellar carcinomas included in this study failed to show abnormal fibronectin expression in the tumor cells.
